Ovaries and adjacent parovarian (mesovarial) tissues of CD-1 mice of various ages were examined to characterize cystic and proliferative epithelial lesions of the ovary and parovarian tissues. Ovaries and adjacent tissues from 6 mice each at approximately 3 and 8 months of age were processed for light microscopy and step-sections (50-l intervals) of the entire tissue were examined. Tissues were collected from 40 mice each at 16 through 24 months of age and 3 step sections per mouse were examined. Mesonephri c duct remnants were found in all mice at 3 and 8 months. Ducts were usually in the mesovarial adipose tissue and near or within the ovarian hilus and were often loosely associated with smooth muscle of the mesovarial ligament. The epithelium of the ducts varied from low cuboidal to columnar, occasional individual cells were ciliated, and small papillary con gurations of epithelium were occasionally present. Ducts were dilated ( > 1 mm) more often in mice at 8 months compared to 3 months, and some were continuous with cystic spaces within the ovaries. As mice aged (16-24 months), dilation and cystic change in ducts and associated compression of ovarian tissue away from the ovarian hilus became common. The epithelium of dilated ducts was generally attened, but foci of cuboidal to columnar epithelium and/or occasional ciliated cells were present. Many ducts contained foci of hyperplastic and/or hypertrophic epithelium, and papillary projections of epithelium were occasionally found. Some of the latter lesions were consistent with a diagnosis of papillary cystadenoma. Hyperplasia of associated bromuscular stroma was limited to a few apparently extraovarian ducts. The results of this study indicate that remnant mesonephric ductular structures are common in and adjacent to the ovaries of CD-1 mice. As mice age, these ducts become dilated and, in some, the epithelium becomes hyperplastic and /or hyperptrophic . These mesonephri c duct remnants appear to be a common source of ovarian and parovarian cyts cysts and epithelial neoplasms of the ovary in mice.
INTRODUCTION
The mesonephric (Wolf an) duct plays a pivotal role in the development of the ovary. According to some researchers (3, 10) , the mesonephros contributes cells to the ovarian stroma, and mesonephric tubules may give rise to the follicular cells. In the developing mouse ovary, the mesonephros consists of a connecting complex of tubules in extraovarian and intraovarian locations. This compromises the extraovarian rete (in the parovarian tissues), the intraovarian rete, and the connecting rete (3) . The rete tubules are contained within a basement membrane and all cells of the rete system have similar ultrastructural features (2) . The rete epithelium in the mouse at birth contains mitotic gures, most frequently in the extraovarian rete. By 2 weeks of age, the whole rete system becomes smaller, mitotic gures become rare, and portions appear to be disconnected.
Remnants of the mesonephric duct persist into adult life as the rete ovarii, comprised of both intra-and extra-ovarian structures (11) . In the mouse, various epithelial ductular and cystic structures of the ovary and parovarian tissues are commonly observed, and apparently increase with age. Congenital lesions include clusters of tubules lined by cuboidal to columnar epithelial cells in the mesosalpinx and "canals of Gartner" in the broad ligament (5) . Epithelial cysts have been classi ed as epithelial (inclusion) cysts of the ovary, paraovarian cysts, and rete cysts (5) . The epithelial cysts of the ovary are lined by single or multiple layers of columnar epithelial cells that may form papillary structures, and may be precursors of epithelial neoplasms. The descriptions of paraovarian and rete cysts are similar to each other, except for their location, and the lack of smooth muscle around rete cysts. Rete cysts are also described as increasing in incidence with age. Epithelial (tubular and tubulostromal) hyperplasia within the ovary is characterized by elongated tubules within the ovary, and the origin has been ascribed by some to germinal epithelium or mesothelium (5, 6) . These authors identify the surface epithelium as the origin of epithelial tumors of the ovary, but indicate that cystic/papillary hyperplastic lesions may originate in either the surface epithelium or rete. Others (8) indicate that the origin of murine cystadenomas remains to be determined. This paper traces the development of epithelial structures of the ovary and paraovarian tissues in the mouse and ascribes the source of epithelial cysts and proliferative lesions in the aging mouse ovary.
MATERIALS AND METHODS
A total of 520 female CD-1 mice, 5-7 weeks of age, were obtained from Charles River Laboratories, Raleigh, North Carolina. Mice were gang-caged in ventilated stainless steel cages with wire mesh oors and Lexan fronts. Cages were suspended over disposable trays that were changed weekly. Animals were kept in a controlled environment with a room temperature of 21 to 24 C, relative humidity of 35% to 51%, and a 12-hour light and dark cycle. The mice were allowed free access to tap water and Certi ed Rodent Diet 5002 (PMI Nutrition International, Inc).
Six mice were sacri ced at approximately 10-12 weeks of age, and another 6 at approximately 8 months of age. 592
Ovaries were collected, with adjacent mesovarial tissues attached into 10% neutral buffered formalin. Preserved tissues were processed through graded alcohol and clearing agent, in ltrated, and embedded in paraf n. The entire tissue was step-sectioned at approximately 50-l intervals, and sections stained with hematoxylin and eosin. Selected sections from the mice at 8 months of age were stained with Masson's trichrome stain, Snook's method for reticulum, and then by the PAS procedure (1) .
Groups of 40 mice were sacri ced at each month of age from 16 to 24 months. Mice that died on study were not evaluated. Mice were moved to individual cages 1 week to 1 month prior to necropsy. At necropsy, serum samples were collected for hormonal analysis and sections of ovaries, uterus, and vagina were collected in formalin. The current report focuses on the appearance of epithelial structures in the ovaries. Sections of ovary from each animal, with adjacent mesovarial tissues and fallopian tube attached were collected and preserved in 10% neutral buffered formalin. Preserved tissue specimens were processed through graded alcohol and clearing agent, in ltrated and embedded in paraf n, microtomed, and stained with hematoxylin and eosin. Ovaries (with adjacent tissues) were initially sectioned with 3 step-sections at approximately 50-l intervals. If the initial sections did not contain an adequate sample, blocks were sectioned 1 more time in a similar fashion.
RESULTS

10-12-Week-Old Mice
All ovaries had morphology consistent with expected estrous cyclicity (various stages of developing follicles and corpora lutea). Residual ductular structures were found associated with both ovaries in all mice. Ducts were present in the adipose tissue of the mesovarium, associated with the smooth muscle (mesovarial ligament) near the ovarian hilus, and/or within the ovarian stroma at the ovarian hilus. These ducts are analagous to the extraovarian, connecting and intraovarian rete ovarii, respectively (3, 11) . In some mice, a continuum of the ductular structures within these sites could be followed through the step sections. Most of the sections of residual ducts were small (< 100 l ) and represented the extraovarian and connecting rete. The extraovarian ducts varied from small single ducts to clusters of closely associated ducts. All were lined by cuboidal to low columnar epithelium, occasionally ciliated, and usually surrounded by a thin layer (a few cells thick) of ne brous connective tissue ( Figure 1 ). The ducts of the connecting rete were loosely associated with the mesovarial smooth muscle near the ovarian hilus.
These ducts were irregular, appeared to be branching and/or to have papillary projections in the lumen.The epithelium varied from cuboidal to columnar, and in places was pseudostrati ed or apparently multilayered (Figures 2 and 3 ). Nuclei of the columnar cells were usually basilar. Some of the tallest columnar epithelial cells had nuclei in a median or apical location. In a few ovaries, ducts extended into the hilus of the ovary, and in 2 cases, into the ovarian medulla. The intraovarian ducts were lined by epithelium that was attened to cuboidal, and had occasional individual cells with cilia ( Figure 4 ). In the medulla of 1 ovary, the duct was continuous with a cyst, 200-400 l , lined by cuboidal to attened epithelium. In another ovary, the duct in the ovarian hilus was irregular and 100-200 l in diameter, lined by cuboidal to pseudostrati ed columnar ciliated epithelium with a few papillary projections into the lumen.
Eight-Month-Old Mice
All ovaries had morphology consistent with expected estrous cyclicity (various stages of developing follicles and corpora lutea). Residual ductular structures were found associated with both ovaries in all mice. The ductular structures were generally similar in appearance and location to those present in the 10-12-week-old mice, except that ducts at the ovarian hilus were dilated ( 1 mm) in one or both ovaries of 3 of the 6 mice. Staining with Masson's trichrome indicated that most of the ductular structures, regardless of location, had stroma composed of a few layers of ne brous connective tissue. The ducts of the connecting rete were associated irregularly with the smooth muscle at the ovarian hilus, but the primary stroma of the ducts was composed of ne brous tissue. Examples of apparently de ned muscularis in isolated portions of extraovarian tubules of one mouse stained only weakly for muscle. Basement membranes generally stained clearly for reticulum in the extraovarian ducts and some of the intraovarian ducts, but faintly in the connecting ducts. PAS positive secretory material (in the lumen of the duct or within the cytoplasm of epithelial cells) was present in only a few of the ducts.
In 1 mouse, both ovaries contained cystic epithelial structures (up to 4-mm diameter), arising from the ovarian hilus, and compressing ovarian tissues ( Figure 5 ). The cysts were continuous with irregular ductular structures at the ovarian hilus, and thence with smaller ducts associated with mesovarial smooth muscle. Although associated with the mesovarial smooth muscle, the tissue immediately surrounding the ducts was ne brous connective tissue. The cysts generally were lined by attened to cuboidal epithelium, with occasional ciliated cells. One ovary also contained a smaller cyst, within the ovarian stroma, lined by columnar, secretory (PAS positive) epithelium ( Figure 6 ). The smaller cyst had a basement membrane clearly stained for reticulum; the larger cysts had less intense staining of the basement membrane.
16-24-Month-Old Mice
Ovaries had multiple abnormalities, consistent with changes expected in aging mice. Many of these changes were indicative of loss of cyclic activity. The current report focuses only on the presence and alterations in epithelial ductular structures. Epithelial ductular structures were identi ed as mesonephric remnants if lined by cuboidal to columnar epithelium in which cilia could be found anywhere within the ductular structure. In many cases, except for larger cystic ducts, a primary location at or near the ovarian hilus was identi ed.
Residual ductular structures were present within or adjacent to ovaries of most mice (Table 1 ). In older mice (ie, > 21 months), the epithelial structures were present in practically all mice (38/40 or 39/40). The number of mice in which epithelial structures were found bilaterally also increased with age. This apparently increased incidence was likely due to the concomitant increased size of the structures, 16  27  5  7  9  6  10  2  0  17  33  17  23  14  5  8  5  0  18  37  21  9  25  14  10  14  0  19  34  21  15  7  13  20  3  0  20  33  21  8  12  11  23  9  2  21  38  21  10  16  18  15  15  3  22  38  26  6  10  18  30  12  0  23  39  27  12  12  15  27  15  1  24  39  27  6  20  18  22  8  6 a n 40/month. b Represents the largest lesion associated with each ovary. Includes entries for both right and left ovaries when both were affected. and increased likelihood of being found within the tissues sectioned. Examples of continuation of ductular structures from the intraovarian to the extraovarian rete were found, even in association with atrophied ovaries (Figure 7) . In contrast to the appearance of the ducts in younger mice, many ducts were dilated and proliferative changes were present within many ducts ( Table 1 ). The term proliferative was used to indicate hyperplastic and/or hypertrophic epithelium within the residual duct. This proliferative epithelium was often present as a distinct focal change within a dilated ductular structure, but was sometimes generalized. The epithelium was cuboidal to columnar, often ciliated, and sometimes appeared secretory. Position of the nuclei within the epithelium was variable. Apical nuclei and subnuclear vacuolation were sometimes present in the tallest columnar cells. Mitotic gures were found in few cases. When present as a focal change, the proliferative epithelium sometimes presented as a minor papillary projection. The term "papillary" was not used for these minor projections, but was used to indentify de nite papillary projections of epithelium with a stromal core. These occurred generally within dilated residual ducts (cysts), and the epithelium was usually similar to that described as proliferative (Figures 8 and 9 ). Many of the proliferative papillary lesions were within the scope of morphology as described for papillary cystadenoma (5, 6, 8) , and could have been diagnosed as such by those criteria. One mouse in the 24-month group had a unilateral, 1-3-cm nodule diagnosed as a papillary cystademona. The lesion was generally comprised of columnar epithelium with occasional mitotic gures. The epithelium had dilated to vacuolated, apparently secretory cytoplasm with basilar nuclei and a glandular appearance in some areas ( Figure 10 ). In other areas, the nuclei were located toward the lumenal end of the columnar cells (Figure 11 ). A few residual ovarian follicles were present in what was presumed to be the ovarian hilus, near the attachment of the mesovarial smooth muscle. The contralateral ovary was atrophied and replaced by an approximately 1-mm dilated residual duct.
Dilated ducts were usually accompanied by commensurate attening of the lining epithelium and compression of ovarian tissues. The epithelium of dilated ducts was often attened, especially when ducts were dilated > 2 mm, but at least 1 focus of cuboidal to columnar, partly ciliated epithelium could often be found, and supported the identi cation of the epithelial cysts as dilated residual ducts. In many cases in which ducts were dilated > 1 mm, and in all cases in which they were dilated > 2 mm, the original location of the duct could not be de nitively determined. However, the pattern of compression of ovarian tissue usually appeared to be extending from the ovarian hilus, and, hence, the original location of the duct was presumed to be within or adjacent to the hilus. Markedly dilated (i.e., > 2 mm) ducts with marked compression of ovarian tissues were commonly associated with a thin layer of irregularly spaced ovarian structures lined on 1 side by epithelium consistent with a residual duct and on the other by ovarian surface epithelium. In section, this tissue was often convoluted, consistent with collapse of a cyst during processing, but the continuity of the opposing surfaces could be followed throughout the section. Three mice with markedly dilated proliferative residual ducts had accompanying slight to marked proliferation of the surroundingbromuscular stroma, and an endometrioid appearance of the proliferative lesion. This occurred unilaterally in 2 mice at 20 months and 1 at 23 months. The origin of these ducts appeared to be connecting rete, associated with the smooth muscle of mesovarial ligament. These ducts had the complex, branching con guration of ductular structures associated with residual ducts in this location in younger mice. The epithelium was columnar and slightly papillary. The mouse with the most developed bromuscular stroma also had frequent mitotic gures within the epithelium (Figure 12 ). In these 3 mice, the associated ovary was either not found, compressed, or atrophied.
Infoldings of the surface (germinal) epithelium of the ovary could be occasionally found in older mice. The epithelium in most of these infoldings retained the appearance of the surface epithelium (darkly staining with scant cytoplasm). In only a few instances, the infolded epithelium was adjacent to a small cluster of epithelial cells with slightly larger, more open-faced nuclei, and scant amounts of cytoplasm. Infoldings of the surface epithelium were not seen to be continuous with any of the cystic and/or proliferative epithelial lesions of the ovary and parovarian tissues.
DISCUSSION
The current study indicates that remnants of mesonephric ducts (extra-ovarian and intra-ovarian rete) are common in CD-1 mice and that these ducts are a likely source of ovarian and parovarian cysts and epithelial neoplasms of the mouse ovary. Residual ductular structures were present in all young mice examined. Most of the ducts were found in the mesovarial tissues and/or at the ovarian hilus and would not be seen in sections from which all extra-ovarian tissues had been trimmed. The morphology of the ducts differed by location; single or multiple tubular structures were present in the mesovarium and more complex, branching ducts were near the ovarian hilus. This is consistent with descriptions of the rete ovarii, and separation of the various parts of the rete system during development (11) .
Ovarian cysts are common in mice, especially CD-1 mice, and smaller cysts have an epithelial lining with occasional ciliated cells (7) . Our observations indicate that murine ovarian and parovarian cysts lined by epithelium most likely originate in residual mesonephric ductular structures. Dilation of the ducts was present in younger mice (8 months) and increased with age. Many smaller dilated ducts (ie, 1-2 mm) could be identi ed at the ovarian hilus. Larger dilated ducts (ovarian cysts) were associated with compression of ovarian tissues apparently from the hilus outward. Although epithelial cysts associated with the mouse ovary may be classi ed by location and appearance, eg, inclusion cysts of the ovary, paraovarian cysts, and rete cysts (5) , these likely all have their origin in portions of the rete (mesonephric duct) system. In some of the larger cysts, ovarian tissue could not be found. Ovarian tissue could have atrophied secondary to compression or could have had atrophy, amyloidosis, or other degenerative changes not directly associated with formation of the cyst. Alternatively, the origin of the cyst could have been in an extraovarian location. For a large cyst, the remaining ovarian tissue would be present only on 1 side, and could easily be missed with limited sectioning of the tissue.
The observations made in this study indicate that many proliferative epithelial lesions in the ovaries of CD-1 mice may have their origin in the residual mesonephric ducts. This is supported by the presence of foci of well-developed, columnar epithelium in some ductular structures in younger mice (8 months), and progression of hypertrophic/hyperplastic lesions in the ducts in older mice to proliferative lesions consistent with diagnosis of papillary cystadenoma. The appearance of a cystic space with a focal area of papillary/proliferative epithelium is similar to that given by Morgan and Alison (8) , of neoplastic papillary fronds present in cysts with little other evidence of epithelial hyperplasia. This resembled earlier lesions we identi ed with a focal area of columnar epithelium with slight papillary formation, but without the cystic formation. Some of these lesions could be simply cystic change in a residual duct that already had a focal area of epithelial hyperplasia/hypertrophy. The presence of tall columnar epithelium with apical nuclei may be used as a diagnostic criterion of neoplasms of rete origin in the mouse (B.J. Davis, personal Communication, December 2001) and was present in many, but not all, rete lesions in our study.
Columnar epithelium was variably present in the rete of young mice, and most usually in the connecting rete. Only a few of the columnar epithelial cells had nuclei located above the basilar position in the cell. Proliferative lesions of the rete in older mice had more columnar epithelium, some of which had more apically located nuclei. However, this varied among mice, and within proliferative lesions in individual mice, and may not be an absolute criterion for diagnosis of proliferative lesions of the rete. Although our premise of origin of epithelial tumors of the mouse ovary is at variance with others (5, 6), we found no clear evidence of progression of epithelial lesions from infoldings of the ovarian surface germinal epithelium.
Cystic and/or hyperplastic ducts were seldom associated with signi cant proliferation of the surrounding bromuscular stroma. Stromal proliferation was, however, present in a few cases, and the most pronounced case with stromal proliferation also had evidence of a high proliferative rate (frequent mitotic gures) in the epithelium. Many of the residual rete structures in young mice were loosely associated with the smooth muscle of the mesovarial ligament; this association could lead to the presence of smooth muscle in the wall of cystic or proliferateve lesions of the rete in older mice.
The histologic description of rete ovarii of the human (4) is generally similar to that of the mouse, including a network of irregular tubules, sometimes communicating with mesonephric tubules in the mesovarium, and lined by epithelium varying from attened to columnar and occasionally ciliated. However, in contrast to the apparent commonality of cysts and tumors of the rete ovarii in mice, these lesions are described rarely in humans (9, 12) . In humans, the more common cystic/neoplastic lesion of the ovary is the serous cystadenoma, thought to arise from the surface epithelium of the ovary. Distinguishing features of rete tumors in humans include apparent location in the hilus of the ovary, occasional ciliated cells, crevice formation and other resemblance to the normal rete, normal rete adjacent to some lesions, and a wall of bromuscular connective tissue. The ovarian rete tumors also have similarities to extraovariin adnexal tumors presumed to be of Wolf an (mesonephric) origin.
Our observations indicate that cystic and hyperplastic epithelial lesions in and adjacent to the ovaries in CD-1 mice likely arise from remnant mesonephric ductular structures. These ducts are common in the hilus of the ovary and adjacent extraovarian tissues and undergo cystic and hyperplastic changes as mice age.
